Mitosis, the final phase of cell division, includes the processes of nuclear division and cytosolic division (cytokinesis). Cytokinesis occurs when DNA separation terminates, and involves a number of proteins that induce furrowing at the region of cell separation, formation of new membrane, and abscission. This process is remarkably complex, and the list of proteins that regulate it is long. Our understanding is limited as to how these players are organized in space and time to ensure that the cytosol divides equally, and only after nuclear division. Class I A PI3K (phosphoinositide 3-kinase) is an enzyme activated by growth factor receptor stimulation, but it is re-activated in early mitosis and regulates mitosis entry. By the end of mitosis, PI3K activity is low; at this point, the class I A PI3K regulatory subunit p85 contributes to co-ordination of the cytoskeletal changes required for cytokinesis. The impact of these observations on current models of cytokinesis execution is discussed here.
septin ring formation in mitosis [9, 10] , RhoA regulates actin cytoskeletal changes in a variety of organisms [11] .
The mechanism that controls the time and place of cytokinesis is the object of extensive research. One feature shared by all organisms is that CDK1 (cyclin-dependent kinase 1) activity, which initiates nuclear mitosis (Figure 1 ), decreases before cytokinesis initiation [12] . CDK1 activity reduction follows DNA separation; this ensures that the cells contain a complete double copy of the genome before daughter cell separation.
In budding yeast, the MEN (mitosis exit network) triggers CDK1 inactivation, and in turn permits cytokinesis. In fission yeast, CDK1 is inhibited in anaphase, triggering activation of the SIN (septation initiation network), which executes cytokinesis [1] . Both the MEN and the SIN comprise a small GTPase and a number of kinases that act in cascade, and are located during mitosis first in the spindle pole body and later in the cleavage furrow. MEN activation in anaphase induces liberation of the phosphatase Cdc14p from the nucleolus; this in turn induces cyclin B degradation and CDK1 inactivation, events required for subsequent cytosolic division. In the case of fission yeast, the homologue of Cdc14p, Clp1/Flp1, also exits from the nucleolus in anaphase to promote CDK1 Tyr 15 dephosphorylation and CDK1 inactivation; this then triggers SIN activation and cytokinesis. Whereas SIN mutants thus form an actomyosin ring that does not constrict, MEN mutants detain mitosis with high levels of cyclin B, and do not form a cleavage furrow ( Figure 2 ) [2] .
Based on the SIN mutant phenotypes, this complex clearly induces cytokinesis; it is nonetheless not completely clear how the components of this complex drive the cytoskeletal changes required for furrow formation. Localization of SIN cascade members to the cleavage furrow shows that they are correctly positioned to act on the cleavage furrow cytoskeleton. The MEN complex regulates cyclin B stability; in addition, MEN components have a direct function in cytokinesis regulation. Tem1p, the small GTPase of the MEN complex, controls septin ring formation and regulates actomyosin dynamics during telophase [13] .
The septins also have distinct functions in budding and fission yeast. In budding yeast, septins localize at the nascent bud neck, an event required to trigger mitosis. Only when correctly located at the nascent bud can the septins associate with Hsl1p/Hsl7p kinases, which phosphorylate Swe1 (Saccharomyces cerevisiae Wee-1 homologue) [14] and induce its degradation, activate CDK1 and initiate mitosis ( Figure 1 ). In fission yeast, the septin neck is not essential for mitosis; it is formed after nuclear division, and it is not known whether the septins control Hsl1 and CDK1 activities. Budding yeast nevertheless have homologues to Hsl1p/Hsl7p kinases, such as the Nim1 (new inducer of mitosis 1) kinase, which also phosphorylates Wee-1 and activates CDK1. In this case, however, Nim1 activation has been linked to mitosis regulation by nutritional signals [15] .
In animal cells, the connection between CDK1 inactivation and furrow constriction is even less defined. There are homologues of the MEN and SIN complexes and their regulators. For instance, the last kinases in the MEN and SIN cascades, Sid2p and Dbf2 respectively [1] , have a homologue in human cells, hWARTs. This kinase is a tumour suppressor found in centrosomes and later in midzone MTs during cytokinesis, suggesting a possible function in the control of this process [16] . No clear evidence connects hWARTS to cytokinesis control, however, and hWARTS overexpression induces the spindle checkpoint [17] . There are also human homologues of Cdc14p, the regulator of cyclin B stability in budding yeast (see above). hCDC14B localizes in the nucleolus in interphase and is liberated in mitosis, whereas hCDC14A remains in centrosomes throughout the cell cycle [18] [19] [20] . CDC14A dephosphorylates Cdh1 and activates the anaphase-promoting complex in vitro [21] , but regulation of cyclin B stability has not been reported in vivo. CDC14B affects MT stability, resembling Caenorhabditis elegans CeCDC14, which controls central spindle formation [22, 23] . CDC14A deregulation inhibits correct chromosome portioning and subsequent events [18, 19] . Further studies are required to define the function of hCDC14.
The study of cytokinesis control in animal cells with regard to the mechanisms that control furrow ingression is more complete. A cascade was proposed that originates in MT and involves RhoA-induced actin polymerization at the cortical neck in Drosophila and C. elegans [11, 24] . RhoGAP [Rho GAP (GTPase-activating protein)] arrival at the furrow through MT appears to activate RhoGEF (Rho guaninenucleotide-exchange factor) locally and, in turn, RhoA and actin polymerization at the cleavage furrow membrane [11, 24] . This route has not been fully defined in mammals, although there are mammalian homologues of this pathway [5] . Interference with RhoA activity induces appearance of binucleated cells [25, 26] . These observations led to the proposal that once CDK1 activity diminishes, signals from central spindle MT dictate mitotic cleavage furrow formation [1] . Another cascade contributing to cytokinesis control is that initiated by the p85α regulatory subunit of class I A PI3K (phosphoinositide 3-kinase). Deletion of p85α slows cytokinesis and gives rise to a large percentage of binucleated cells [27] in a proportion similar to that induced by interference with RhoA [25] . p85α −/− cells have a prominent defect in mitosis septin cytoskeleton [27] .
As in budding yeast [8] , the septin cytoskeleton has an essential function in mammalian cytokinesis [7] . Whereas in S. cerevisiae, correct septin localization triggers mitosis entry (see above), in mammals the cleavage furrow is formed after DNA separation, once CDK1 activity is reduced. Interestingly, whereas the budding yeast Hsl family kinases (activated at the septin ring) inactivate Wee-1 and trigger mitosis entry, human homologues of Hsl kinases (SAD kinases) reduce CDK1 activity [28] . Hsl kinases thus regulate CDK1 activity in opposite ways in budding yeast and human cells; this difference concurs with the distinct timing of cleavage furrow formation in S. cerevisiae (prior to mitosis) and mammals (after nuclear mitosis). Septin regulation of human Hsl homologues, if any, has not been reported. With regard to the mechanisms involved in triggering septin ring formation, Cdc42p has an essential role in this process in budding yeast [8] [9] [10] . In mammals, interference with Cdc42 activity or expression similarly disrupts septin 2 organization and cytokinesis [27] . Cdc42 activation and localization are defective in p85α −/− cells, explaining the altered septin cytoskeleton organization in these cells. These observations suggest the existence of a p85α → Cdc42 cascade that regulates septin 2 organization during cytokinesis (Figure 3) . Both Cdc42 and the septins also regulate MT chromosome attachment [29, 30] , but this event does not appear to be controlled by p85 [27] . Reconstitution of p85α −/− cells with a p85α mutant that does not bind the PI3K catalytic subunit p110 [31] corrected the cytokinesis defects in these cells, showing that p85α action in cytokinesis is independent of PI3K activity [27] . Through Cdc42 regulation, p85α is thus involved in the control of the septin cytoskeleton changes observed in cytokinesis. As RhoA regulates cleavage furrow formation [11, 24] , RhoA and Cdc42 may co-operate to trigger the cytoskeletal re-organization required for cell separation; this is the case in Xenopus laevis wound healing, in which concentric zones of RhoA and Cdc42 activity organize the actomyosin wound array [32] .
Homologous proteins are generally involved in CDK1 regulation and control of cytokinesis in many different organisms; however, two puzzling aspects remain. The first is the discrimination of which of these proteins is functionally conserved, as their function is not always parallel in distinct species (see above). Secondly, we still need to determine, for each organism, how the different mitosis-regulating proteins are organized in time and space to co-ordinate nuclear and cytosolic division. Further studies are needed to answer both of these questions. The involvement of p85α in cytokinesis control adds a new dimension to this subject. This subunit is not found in yeast; even in invertebrates, PI3K regulatory subunits are smaller proteins and are unable to bind Cdc42. Thus this function of p85 arises in vertebrates.
This suggests that despite conservation, new mechanisms are generated during evolution in complex organisms. The cascade described, formed by p85α → Cdc42 and septin 2, mediates p85α-controlled activation of Cdc42 at the cleavage furrow and local septin organization. This identifies a mechanism to define the site at which cytoskeletal changes are induced and cell separation takes place.
